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Object: 
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The purpose of this work is to determine whether or 
not a significant difference in the strength characteristics 
of paper made from two pulps is obtained if the pulps are 
refined separately as compared to pulps refined together. 
The direction and magnitude of any_difference is also 
desired. 
Literature Survey: 
Literature on this topic is severely limited in 
several ways. First, very little has been written. 
Secondly, of the studies written, the procedure of sampling 
was so limited that any generalities drawn were almost 
unfounded. And, thirdly, the conclusions drawn from these 
few articles contradict one another. 
I found only four small articles (starred in bibliography) 
which I felt had any pertinence to this topic at all. Of 
these four, only the article bj Peckham and May falls 
within the scope of this paper. 
Peckham and May used only one combination and limited 
the study further to the middle freeness ranges. They 
studied the effect of mixing before and after refining on 
the strength characteristics of a sixty percent pine kraft -
fO:Xrty percent gum kraft furnish. The sampl�rn.g was taken 
such that a high freeness was mixed with a low freeness so 
that the mixture had a medium freeness value. Also, since 
the study included only one mixture of two kraft pulps, the 
study was not truely representative. 
A similar study was made on a fifty percent straw -
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fifty percent sulfite mixture with mixing after refining 
done so that low freenesses were mixed together and high 
freenesses were mixed together, etc •. Once again, this is 
not a truely representative sample. 
In another study, the various freeness levels were 
obtained by mixing refined pulp with unrefined pulp which, 
to me, has no basis for comparison with a pulp mixed 
before refining. 
These studies gave no consideration to varying the 
furnish components or to varying the degree of refining of 
the mixture in more than one way. 
As to the strength characteristics of the paper made 
from these pulps, the conclusions drawn are listed below. 
Peckham and May found a very slight increase in the 
strength characteristics by refining before mixing as com­
pared to refining after mixing. 
The results of another study indicated that the static 
strength values (tensile, stretch, burst) were greater if 
the pulps were mixed before refining whereas the dynamic 
strength values (tear, fold) were g·reater if the mixing 
was done after refining. 
Still another report states that the strength characteristics 
of paper made from pulps mixed after refining was that 
calculated from the two components. 
Thus, one can see that the literature reveals very 
little about this topic. 
To overcome the shortcomings of the literature survey, 
I plan to examine, for strength properties, three different 
pulp mixtures. I plan to vary the composition of tthese 
mixtures in three ways and take samples over the bulk of 
the freeness range. 
Procedure: 
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Since a multitude of samples were desired but time was 
limited, three combinations of thr_ee different pulp 
mixtures were made and tested according to the procedure 
described below. Each mixture had one short fiber pulp 
and one long fiber pulp and they were combined in these 
three ways: 25% short fiber-75% long fiber; 50% short 
fiber-50% long fiber; 75% short fiber-25% long fiber� The 
three combinations used were, 1) Albacel Sulfite (long fiber)­
Seagull Soda (short fiber), 2) Raymill Hardwood Sulfrte 
(short fiber)-Rayonierred Semi-bleached Kraft (long fiber), 
and 3) Weyerhauser Bleached Sulfite (long fiber)-Penobscot 
Soda (short fiber). 
In the interest of uniformity, everything was run on 
the same instruments or apparatus. That is, everything was 
refined on the same Valley Beater, everything was tested on 
the same instruments, everything was weighee on the same 
scales, etc •. 
For each mixture, the following weights of air dry 
pulp were weighed out: 
300 g. short fiber - 100 g. long fiber. 
200 g. short fiber - 200 g. long fiber. 
100 g. short fiber - 300 g. long fiber. 
400 g. short fiber. 
400 g. long fiber. 
Each system of 400 grams was then refined on the Valley 
Beater and sample·s were taken periodically. Four samples 
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were taken from the mixed furnishes at different degrees of 
refining and five handsheets were formed on the Nobel and 
Wood Sheet Mold for each sample. Four samples were taken 
from the long fiber and each sample was mixed with a sample 
of highly refined short fiber and a sample of slightly refined 
short fiber in the three combinations (25-75, 50-50, 75-25). 
These mixings were made in glass beakers and the mixing was 
done by hand with a glass rod. Four Nobel and Wood handsheets 
were made from each combination. 
After allowing the sheets to stand for several days at 
50 percent relative humidity and 69° F., each sheet was 
weighed and then tested twice for burst on the Mullen tester 
and twice for tear on the Elmendorf Tear Tester according 
to Tappi Standards T 403 m-53 and T 414 m-49. An average 
weight, average burst, and average tear were determined 
for the four or five sheets of the same sample and these 
average values were then corrected to the same basis weight. 
I used the technique for determining a relative strength 
index as discussed by Fanselow and Fanselow (see bibliography). 
'I'hat is, the product of the corrected burst and corrected 
tear gives the relative strength index for each sample which 
can be compared to the relative strength indeJ!i: of each of 
the other samples of the same composition. 
Errors: 
In this project, there are many places for errors to 
crop up. The largest possible error could be formed when
the pulps were mixed after refining. Since they were mixed 
in small volume in a glass beaker with a glass rod, it is 
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possible that thorough mixing might not occur. If more 
effective agitation were supplied here, the results might 
be more uniform. 
�orking at the consistence of the Valley Beater (about 
1.7 g. / 100 cc), it is difficult to accurately reproduce 
the combinations, especially in small volume,_ So, it 
might be better, for more precise results, to dilute the 
stock considerably so that it would be possible to reproduce 
the compositions desired. 
It can be seen that many of the wild values ap}-ear when 
the stock has been only slightly refined. 
It should be noted th�t none of these situations would 
necessarily cause erroneous conclusions but rather might 
cause wild Yalues. 
Results: 
Data is presented in Tables I through IX and each 
table is discussed below. The freenesses are uncorrected. 
Although each table includes the average tear and average 
burst for the sheets of the same composition, these values 
are not important except that they show how the index is found 
and they show certain trends when compared with the other 
tables. This will be discussed in the conclusions. 
Table I: 25% Eeagull Soda - 75% Albacel Sulfite •. 
Separate refininf gave an increase in the strength index 
of about 15% (2705 vs. 2348) and the sheets formed from 
sulfite and highly-refined soda exhibited slightly higher 
strength properties than those formed from sulfite and 
slightly refined soda (about 3.5% difference; 2750 vs. 2669). 
fi
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Table II: 50% Seagull Soda - 50% Albacel Sulfite. 
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Refining before mixing gave only the slight increase 
in strength characteristics of about 3% (2153 vs. 2095) 
but the strength index for the paper from sulfite and highly­
refined soda was about 15% greater than that for sulfite 
and slightly-refined soda (2300 vs. 2000). 
. . 
Table III: 75% Searull Soda - 25% Albacel Sulfite. 
Refining before mixing gave the de�ided increase in 
strength properties of about 23% (1757 vs. 1427) and the 
highly-refined soda increased the strength index by about 
31% over the slightly-refined soda (1955 vs. 1495). 
2:eagull Soda - Albacel Sulfite (general): 
�� 
In all three cases, separate refining gave•higher 
strength index. Also, the papers formed from sulfite and 
highly-refined soda exhibited greater strength properties 
than those formed from sulfite and slightly-refined soda. 
This difference increased as the amount of soda in the 
sheet decreased. The strength index increased as the pro­
portion of long fiber in the sheet increased.
Table IV: 25% Raymill Sulfite- 75% Rayonierred Kraft. 
The strength properties of this sheet seemes to be 
unaffected by the refining-mixing schedule as the strength 
index for refining before mixing (5200) was about the same 
as the index for refining after mixing (5240). The 
negligible increase in the strength index of 1% was exhibited 

















cixod i--ofin:l.nc separate refin:1.ncs 
total sodn sod�±,2;> __ soq}.j0Q.n verase tear �--.. w-•-4=7•-: 11---·
-- l So. 5 
5 • 3 6 0 
avornc;o bur•st 29.6 29.6 36.,6 22o5 
a.vernGe :i..ndex 1427 1757 1955 1495 

























































mixed ref in in{j separate refining 





a v-ornc;e 5.ndex 
··r1§ o;; 1rz 8 3 J�2it'-r 
44o0 45o9 42ol 
5200 5220 5170 
Table V: 50% Raymill Sulfite - 50% Rayonierred Kraft. 
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In this case, refining separately apparently weakened 
the sheet as the strength index was about 7% lower (4630 
vs. 4920). However, the sheets made from kraft and highly­
refined short-fiber sulfite were about 16% stronger than 
those from kraft and slightly-refined short-fiber sulfite 
(4980 vs. 4280). 
Table VI: 75% Raymill Sulfite - 25% Rayonierred. Kraft. 
Refining before mixing increased the strength charac­
teristics of the sheet by about 28% (4360 vs. 3410) but 
the degree of refining of the short fiber had a negligible 
effect on the strength index of the sheets formed since 
the highly-refined short-fiber sulfite caused only a 1% 
increase over the slightly-refined short-fiber sulfite. 
(4380 vs. 4340). 
Raymill Sulfite - Rayonierred Kraft (general): 
In one case, separate refining increased the strength 
index, in one case it decrea�ed the strength index, and in 
one case it did not affect the strength index. In one 
instance, the highly-refined short-fiber sulfite increased 
the strength over the slightly-refined short-fiber sulfite 
and in two instances, it negligibly increased the strength 
properties. The strength index increased as the percent 
short fiber 'decreased. 
Table VII: 25% Fenobscot Soda. - 75% Weyerhauser Sulfite. 
Refining before mixing caused a decrease in strength 
index of about 13% (2330 vs. 2690) or, if one unlikely 
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�he sheets formed from sulfite and highly-refined soda were
about 16% stronger than those from sulfite and slightly­
refined soda (2500 vs. 2150), but if the unlikely value 
was omitted, the stren�th difference was reduced to about 
6% (2500 vs. 2360). 
Table VIII: 50% Fenobscot Soda - .50% Weyerhauser Sulfite. 
Refining before mixing increased the strength index by 
about 4% (2085 vs. 2005) even when unlikely figures were 
omitted (2186 vs. 2100). The sheets formed with highly­
refined soda were about 8.5% stronger than those formed 
with slightly-refined soda (2160 vs. 1990) unless an unlikely 
figure was omitted. Then the reverse is true (2160 �s. 2295). 
Table IX: 75% Penobscot Soda - 25% Weyerhauser Sulfite. 
Using all values obtained, refining before mixing 
increased the strength index by about 15% (1980 vs. 1720) 
but omitting wild values reversed the situation. Then 
the separate refining caused a decrease in the strength 
properties of about 4.7% (1830 vs. 1920). Sheets formed 
with highly-refined soda exhibited lower strength indexes (8%) 
than those formed with slightly-refined soda (1900 vs. 2060). 
If an unlikely value was omitted, however, the highly-refined 
soda caused the strength to be about 10% higher than the 
slightly-refined soda (1900 vs. 1720). 
Penobscott Soda - Weyerhauser Sulfite �general): 
In two cases, the strength index was higher when 
separate refining was employed and in one case the strength 
index was lower. In two cases, the sheets formed with 
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formed with slightly-refined soda but in one case the strength 
index was lower. The strength index d��reased with a 
larger percentage short fiber. 
Conclusions: 
1. The strength characteristics of paper from two pulps
refined separately tend to be greater if the short fiber is 
highly refined than if it is slightly refined. It can be 
seen that for the sheets formed with highly-refined short 
fiber, the burst value tends to be higher and the tear 
value tends to be lower than for the sheets formed with 
slightly-refined short fiber. The fact that the burst 
increase is proportionately larger than the tear decrease 
accounts for the fact that the strength indexes of sheets 
using highly-refined short fiber are higher than those of 
sheets using slightly-refined short fiber. 
This is probably due to the fact that, being short 
fibers to start with, the increased beating didn't as 
appreciably alter the fiber length (fiber length partially 
determines tear properties) ,st it did alter the bonding 
qualities through fibrilation. 
2. The strength properties as indicated by the product
of burst and tear of paper from two pulps increase as the 
percentage of short fiber present decreases. 
3. Because of the unlikely values obtained in several
cases, it is difficult to draw conclusions as to the effect 
of separate refining vs. mixed refining on the strength 
properties of the final paper product. However, there is 
a trend toward stronger paper being formed if the pulps are 
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refined separately. If all values obtained are used, six 
cases follow this trend, two cases go opposite to the trend, 
and one case is unaffected. If the unlikely values are 
omitted, five cases follow the trend, three go opposite to 
the trend, and one is unaffected. An averare increase of 
between six and nine percent in the strength properties 
of paper was obtained if the pulps were refined separately. 
This is in agreement with Peckham and May and Johnson and 
Olsson (see bibliography). 
4. There is a tendency for tbe burst value of the sheets
formed from pulps refined separately to be slifhtly less 
than if mixed refining is employed. 
5. Separate refining tends to increase the tear value
over mixed refining. 
Conclusions 4. and 5. agree with the work of Vamos 
and Mero ( see bibliography). 
The fact that the tear increase is proportionately 
lar�er than the burst decrease explains the fact that the 
k 
strength index is higher when separate refining is used. 
Averaging the burst values and the tear values gives an 
average tear increase of 11% and an average burst decrease 
of 6% for separate refining compared to mixed refining. 
IJ:1hus, the seemingly contradicta tory li tera tu.re is now 
explained, substantiated, and enlarged. 
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